We investigate the broadening mechanisms affecting carbon lines emitted from tokamak divertor plasmas with an emphasis on the C IV n=6-7 (=772.6 nm) line. We show how line profiles can contribute to the spatial characterization of tokamak divertors providing high-resolution line spectra along viewing chords can be measured. For simplicity, we ignore the Zeeman effect by considering only Doppler and Stark broadenings in the calculations. Therefore these calculations, which ignore the magnetic field effect, can be compared to spectra measured with the use of a linear polarizer transmitting only the  component whose polarization is parallel to the toroidal magnetic field. Comparison of theoretical profiles to high-resolution measured C IV n=6-7 line spectra allow the determination of the several plasma parameters.
Introduction
In magnetic fusion devices, the huge heat load escaping from the core plasma towards the walls can be damageable for their Plasma Facing Components (PFCs). To protect the PFCs, several scenarios are possible, but the most promising one consists in the radiative cooling of the divertor. In such a scenario, evaluating the power requires the knowledge of the plasma parameters with the highest possible accuracy. This can be achieved using spectroscopic measurements such as line intensities and line profiles. In several magnetic fusion devices like the JT-60U tokamak, whose wall and targets are made of carbon, radiative cooling is ensured by line radiation from carbon impurities, mainly the C 2+ and C 3+ ions [1] [2] . Since it is focused on the broadening and shape of the C IV n=6-7  772.6 nm line spectra, the work presented here is limited to magnetic fusion devices equipped with carbon targets. The aim of the paper is to show how theoretical profiles can be used to fit measured C IV n=6-7  772.6 nm line spectra and contribute to the characterization of tokamak divertor plasmas. For simplicity, the Zeeman effect is ignored and only Doppler and Stark broadenings are accounted for in the calculations, in addition of course to the instrumental function. Therefore these calculations, ignoring the magnetic field effect, can be compared to spectra measured with the use of a linear polarizer transmitting only the  component whose polarization is parallel to the toroidal magnetic field. As this is the case of JT-60U, the present method was applied to measurements from this device [3] [4] [5] . The calculations of line profiles are carried out using the PPP line shape code [6] . To simplify the ion and electron temperatures are assumed equal. In addition, in the case of JT-60U data, the electron temperatures were determined from line intensities of low-resolution C IV VUV and visible spectra [1] [2] . This has allowed the reduction of the number of fitting parameters as will be explained later.
Theoretical background and method of investigation
In this work, all synthetic profiles of the C IV n=6-7 line are calculated considering only the Stark and Doppler effects in addition to the instrumental function. For Stark broadening, we have used the standard model relying on the two well-known approaches: the impact and quasi-static approximations for the interactions of the emitter with the plasma electrons and ions respectively. The plasma conditions of the emission zone are such that there is no need to include the ion dynamics effect which can be accounted for by the PPP line shape code through its Frequency Fluctuation Model (FFM). As a consequence of ignoring the Zeeman effect in the calculations, the number of parameters governing the line profile is reduced to three (the electron density N e , the electron and ion temperatures T e , T i ). In these conditions, the line shape is the result of the competition between Stark and Doppler broadenings. Note that if an increase of the electron density results in the increase of Stark broadening, the consequence of an increase of the temperature on the line profile is not obvious. Indeed, by increasing the temperature we increase the Doppler effect but decrease the Stark broadening. This is shown in Figures 1 and 2 , where synthetic profiles of the C IV n=6-7 (772.6 nm) accounting for Stark effect are compared to those accounting for both Stark and Doppler effects for a hydrogen plasma. Figure 1 corresponds to a hydrogen plasma with N e =4x10 14 cm -3 and T e =T i =5 eV. In Figure 2 , in addition to the Stark-Doppler profile shown in Figure 1 , we show pure Stark and Stark-Doppler profiles calculated for a higher density plasma (N e =6x10 14 cm -3 and T e =T i =3 eV). In practice, the number of free parameters necessary to fit a C IV n=6-7 line spectrum with a single theoretical profile reduces to one (the electron density) if the electron and ion temperatures are equal and known. This is the case for JT-60U, where the electron temperatures are deduced from the measured intensities of low-resolution C IV line spectra coupled to a collisional-radiative model. Figure 1 but for a higher plasma density. For this high density, the main difference between Stark and Stark-Doppler profiles is visible only on the highest peak. However, the dip between the two peaks is reduced when the electron density (and therefore the Stark broadening) is increased.
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Results and discussion
A great number of theoretical profiles of the C IV n=6-7 line were calculated as described above for a series of plasma parameters relevant to tokamak divertors, i.e., for electron densities and temperatures in the ranges N e =10 14 -10 15 cm -3 and T e =T i =1-30 eV. In order to be used for comparison with JT-60U data, the appropriate instrumental function was taken into account. The results of the applicability of the method to high-resolution measurements from JT-60U were already published elsewhere [3] [4] [5] and therefore we will only recall here the main results. It has been shown that depending on the intersection of the viewing chord and the X-point, a measured spectrum is either fitted considering a single profile (a single homogeneous plasma layer) or two profiles resulting from two homogeneous plasma layers with different plasma parameters. In principle, fitting a measured spectrum with a sum of two profiles requires the determination of five parameters if no assumption is made. As this is complicated, a fitting procedure was developed and two parameters were fixed on the basis of other measurements. This has allowed the determination of the remaining plasma parameters and the relative contribution of each layer to the line emission. As it can be seen in [3] [4] [5] , the use of line profiles has allowed to complete the spatial characterization of the divertor by providing electron densities which are in the range 1-8x10 14 cm -3 . By considering two homogeneous plasma layers instead of one, we have somehow relaxed the assumption of the homogeneity of the emission zone. We think that our two layer model is a good approximation to a calculation with a fully inhomogeneous plasma. It should be noted that lines other than the C IV n=6-7 can be used for the same purposes if they are subject to Stark broadening, i.e., resulting from levels with a high principal quantum number, and if their emission intensity is high enough for high wavelength resolution measurement. Note that even if the calculations presented here were carried out without the Zeeman effect, it is possible to include it with the PPP line shape code. Therefore the described method can be easily extended to measurements from other machines with or without the use of polarizer provided the spectra are measured with a sufficiently high-resolution.
Conclusion
It was suggested to use synthetic profiles of the C IV n=6-7 line for fitting high-resolution spectra of the same line in order to infer some plasma parameters of the emission zone. A simplified case was considered where the synthetic profiles were calculated considering only the Stark and Doppler broadenings but without the Zeeman effect. Such a case is convenient if spectra are measured using a linear polarizer and a high-resolution spectrometer as it was the case of JT-60U. Although not shown here, the use of theoretical profiles has contributed to the spatial characterization of the divertor plasma of JT-60U by providing average electron densities along several viewing chords of the spectral measurements.
